Structure identification for P2 products
Theoretical studies of oligomer formation from the oxidation of monoterpenes (e.g., α-pinene) have shown that the formation of oligomers such as aldol condensation products, peroxyhemiacetals, and non-covalently bound dicarboxylic acid cluster is thermodynamically favorable in the gas or condensed phases (Sloth et al., 2004; Claeys et al., 2009; DePalma et al., 2013) , whereas formation of hemiacetal, anhydride, di(α-hydroxy) ether, and ester (via acidcatalyzed esterification) is not favorable in both phases (DePalma et al., 2013) . A recent study has suggested that gas phase reactions involving stabilized Criegee intermediates (SCI) may be an alternative pathway for ester formation during ozonolysis, although the detailed mechanism is currently unknown (Kristensen et al., 2014) . Consistently, a number of experimental and field studies have found that aldol condensation products, peroxyhemiacetals, and esters are the major oligomers detected in the SOA formed from monoterpene ozonolysis (Hoffmann et al., 1998; Tolocka et al., 2004; Muller et al., 2008 Muller et al., , 2009 Heaton et al., 2009; Hallquist et al., 2009; Gao et al., 2010; Yasmeen et al., 2010; Hall and Johnston, 2012; Kristensen et al., 2013 Kristensen et al., , 2014 Witkowski and Gierczak, 2014) .
In this study, all of the potential structures including aldol condensation products, peroxyhemiacetals, esters, and non-covalently bound carboxylic clusters for the P2 products corresponding to the sodiated ions at m/z 481, 497, 511, 513, 527, and 543 are examined in light of ESI-MS 2 and accurate mass measurements. The structures that match both MS 2 spectra ( Fig.   S10 ) and elemental formulas of the P2 products are considered as the likely structures for these products and are given in Figs. 10 and S10. The fragmentation pathways of these structures (i.e., aldol condensation products, peroxyhemiacetals, and esters as identified below) are in general consistent with those reported in the previous studies (Tolocka et al., 2004; Muller et al., 2008 Muller et al., , 2009 Yasmeen et al., 2010; Hall and Johnston, 2012; Witkowski and Gierczak, 2014) , where ESI-MS 2 (and -MS 3 in some cases) was used to probe the structures of high molecular weight products in, for example, monoterpene SOA. This spectrum is log 10 (S 0 /S 1 ) where S 0 and S 1 are the single beam spectra of SOA covered crystal collected before and after exposure to a flow of clean humid (89% RH) air. The SOA is formed from ozonolysis of α-cedrene in the chamber (experiment CH4, Table1). Note: The products highlighted in red have vapor pressures lower than the suggested nucleation threshold, i.e., ~ 10 -13 atm.
